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(54) TREATMENT OF GAS PRODUCED BY PYROLYSIS OF BIOMASS AND 
APPARATUS THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively utilize gas produced by pyrolysis of biomass by 
subjecting the gas to biological treatment. 

SOLUTION: A gas consisting essentially of hydrogen and carbon monoxide obtained by 
pyrolyzing finely ground biomass in a pyrolizer 1 is fed to a heat recovering apparatus 3 to 
recover heat and then, fed to a methane fermentation tank 9 in which methane producing 
bacterium exists as preferential seed and methane is produced by methane fermentation. A gas 
containing carbon dioxide and unreacted carbon monoxide is stored in a gas holder 5. Gas stored 
in the gas holder 5 is re-fed to the methane fermentation tank 9 to convert the gas to methane. 
The gas holder 5 feeds gas stored in order to utilize for heat source for producing steam and 
power generation to a steam generator 25 and gas engine 15. 


* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The biomass pyrolysis generation gassing approach characterized by generating the 
gas which pyrolyzed biomass and used hydrogen and a carbon monoxide as the principal 
component, contacting the gas and the methanation bacillus which were generated after that, and 
generating methane. 

[Claim 2] Said methane bacterium is the biomass pyrolysis generation gassing approach 
according to claim 1 characterized by having carried out enrichment culture of the seed fungus, 
and being generated. 

[Claim 3] The biomass pyrolysis generation gassing approach according to claim 1 or 2 
characterized by generating the gas which pyrolyzed biomass and used hydrogen and a carbon 
monoxide as the principal component, and making it generate electricity by contacting the gas 
and the methanation bacillus which were generated after that, and making a prime mover with a 
generator drive from the methane which generated and generated methane. 
[Claim 4] Biomass pyrolysis generation gas treatment equipment characterized by providing a 
methane fermentation means to contact a pyrolysis means to obtain the gas which pyrolyzes 
biomass and uses hydrogen and a carbon monoxide as a principal component, and the gas and 
the methanation bacillus which use as a principal component the hydrogen supplied from said 
pyrolysis means, and a carbon monoxide, and to generate methane. 
[Claim 5] Biomass pyrolysis generation gas treatment equipment according to claim 4 
characterized by establishing a seed-fungus supply means to supply the methanation bacillus 
obtained by carrying out enrichment culture of the seed fungus to said methane fermentation 
means. 

[Claim 6] Biomass pyrolysis generation gas treatment equipment according to claim 4 or 5 
characterized by supplying the warm water which was able to be warmed with the heat collected 
from said pyrolysis means for said methane fermentation means. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] • 

[Field of the Invention] This invention relates to the approach of performing biological waste 
treatment to the gas which pyrolyzed biomass and was obtained, and using for an effective 
target, and its equipment. 
[0002] 


[Description of the Prior Art] Biomass energy is refreshable and has the advantage to which the 
carbon dioxide levels in atmospheric air are not made to increase. However, in order to acquire 
biomass to the top where an energy density is low, a vast area is not only required, but using as 
energy with a solid-state is difficult. Thus, since biomass had the demerit in which the ratio to 
the production (output) energy of injection (input) energy required for making it change to the 
gestalt which is [ liquid / a gas ] easy to use is high, besides being used as firewood and coal, it 
was not used in fact. 

[0003] After Sakai and others of Nagasaki Institute of Applied Science obtains the synthesis gas 
of the high calorific value which used hydrogen and a carbon monoxide as the principal 
component and carries out carbon monoxide conversion of this by the low- temperature pyrolysis 
which used a steam and oxygen as the gasifying agent for the biomass of the pulverized grass, a 
tree, etc., it has reported how to carry out a pressure up and compound a methanol through a 
catalyst. How to manufacture a methanol from biomass is shown in drawing 3 . Since 
decomposition of a product is easy and there are comparatively few injections of the energy from 
the outside which energy conversion takes as compared with acetone butanol fermentation or 
ethanol fermentation, this approach is evaluated as the energy conversion approach. However, 
the method of changing into fuels other than a methanol the synthesis gas obtained by the 
pyrolysis is not reported. 
[0004] 

[Problem(s) to be Solved by the Invention] The generation of electrical energy by the gas engine 
of a spark point flower formula using sludge sewage gas as the generation-of-electrical-energy 
approach treating current and biomass occupies the mainstream. The generation of electrical 
energy using a fuel cell is only an example in our country, and although there is also a 2 basic 
fuel type diesel gas-engine-driven-power-generation method using a Diesel engine, there are few 
examples of adoption in our country. 

[0005] Using the synthesis gas generated by the biomass pyrolysis, direct or carbon monoxide 
conversion is performed and it is made difficult with current skill level to generate electricity 
with gas engines, such as a jump-spark-ignition type. 

[0006] The reason is as follows. When the rate of combustion of various gas is measured, in the 
condition of having coexisted with 25 cm/sec and a steam in the condition that 270 cm/sec dried 
[ hydrogen ] and 40 cm/sec and a carbon monoxide dried [ methane ], they are 50 cm/sec. 
Moreover, for hydrogen, 66 and methane are [ 103 and a carbon monoxide ] 100 when the octane 
value of various gas is compared. From these numeric values, as for methane and a carbon 
monoxide, anti-knock is high, and hydrogen can be said to be knock characteristics are very high 
and very unsuitable as a gas-engine fuel to being suitable as a fuel of a jump-spark-ignition type 
(Otto cycle engine) gas engine. 

[0007] Therefore, if current generation-of-electrical-energy skill level is taken into consideration 
when using for a generation of electrical energy the synthesis gas which uses as a principal 
component the hydrogen generated by the biomass pyrolysis, and a carbon monoxide, the 
approach of changing synthesis gas into methane and generating with a jump-spark-ignition type 
gas engine will be considered to be a practical approach. 

[0008] Let it be a technical problem to offer the art of the biomass cracked gas which made it 
possible to have made this invention in view of the above-mentioned situation, to perform a 
biological treatment to biomass cracked gas, and to use this for an effective target, and its 
equipment. 
[0009] 


[Means for Solving the Problem] In order that this invention may attain the above-mentioned 
technical problem, the 1st invention is characterized by generating the gas which pyrolyzed 
biomass and used hydrogen and a carbon monoxide as the principal component, contacting the 
gas and the methanation bacillus which were generated after that, and generating methane. 
[0010] The 2nd invention is characterized by for said methane bacterium having carried out 
enrichment culture of the seed fungus, and generating it. 

[001 1] The 3rd invention is characterized by generating the gas which pyrolyzed biomass and 
used hydrogen and a carbon monoxide as the principal component, and making it generate 
electricity by contacting the gas and the methanation bacillus which were generated after that, 
and making a prime mover with a generator drive from the methane which generated and 
generated methane. 

[0012] The 4th invention is characterized by providing a methane fermentation means to contact 
a pyrolysis means to obtain the gas which pyrolyzes biomass and uses hydrogen and a carbon 
monoxide as a principal component, and the gas and the methanation bacillus which use as a 
principal component the hydrogen supplied from said pyrolysis means, and a carbon monoxide, 
and to generate methane. 

[0013] The 5th invention is characterized by establishing a seed-fungus supply means to supply 
the methanation bacillus obtained by carrying out enrichment culture of the seed fungus to said 
methane fermentation means. 

[0014] The 6th invention is characterized by supplying the warm water which was able to be 
warmed with the heat collected from said pyrolysis means for said methane fermentation means. 
[0015] ■ 

[Embodiment of the Invention] Hereafter, in explaining the gestalt of operation of this invention 
based on a drawing, in the approach of generating methane biologically from the gas first 
obtained by drawing 2 by the pyrolysis of biomass, the approach using a hydrogen utilization 
nature methanation bacillus is described. This is the approach of generating methane by 
fermentation according this to a hydrogen utilization nature methanation bacillus, after 
considering as the gas which gave carbon monoxide conversion to the gas which used as the 
principal component the hydrogen generated by the pyrolysis of biomass, and a carbon 
monoxide, and used hydrogen and a carbon dioxide as the principal component. A hydrogen 
utilization nature methanation bacillus is one of the methanation strains discovered in recent 
years, and according to the report of**** and others of the Nagaoka technology university, the 
super-thermophile hydrogen utilization nature methanation bacillus has the proliferation rate of 
doubling time 26 minutes, and the Escherichia coli average with the optimum temperature of 85 
degrees C, and serves as the first producer of a living system who does not depend for sunlight 
on the photosynthesis in the deep sea not arriving. The methanation reaction by the hydrogen 
utilization nature methanation bacillus is expressed with the following formula. 
[0016] In C02+4H2 ->CH4+2H2Q drawing 2 , the pyrolysis to which the ground biomass raw 
material 31 is supplied to pyrolysis equipment 32, and a steam and oxygen supply it as a 
gasifying agent generates the synthesis gas which used hydrogen and a carbon monoxide as the 
principal component. Synthesis gas is supplied to a carbon monoxide shift coverter 33. In a 
carbon monoxide shift coverter 33, the carbon monoxide in synthesis gas reacts with the steam 
by which air supply were carried out, and is changed into hydrogen and a carbon dioxide. Then, 
as for the mixed gas of hydrogen and a carbon dioxide, heat recovery is performed by 
recuperator 34. The mixed gas of the hydrogen and the carbon dioxide with which temperature 
fell is supplied to the hydrogen utilization nature methanation bacillus cultural tank 35, and is 


changed into methane according to an operation of a hydrogen utilization nature methanation 
bacillus. It results by the elevated temperature from low temperature, and the reaction rate of 
methane fermentation becomes [ the one where temperature is higher ] quick, and the proper 
temperature of a methanation bacillus has a small capacity of a tank, and ends, the tank which 
made the heat source one of the heat which the methane generated from the hydrogen utilization 
nature methanation bacillus cultural tank 35 was stored by the gas holder 36, and some generated 
methane was burned, and was generated, and the heat collected in recuperator 34, or both — 
warming - the hydrogen utilization nature methanation bacillus cultural tank 35 is warmed by 
the means 37. Moreover, by making the generated methane into a heat source, a steam is 
generated using the steam generator 38 and aeration is carried out to pyrolysis equipment 32 and 
the carbon monoxide generation machine 33. The remainder used as a heat source of heating or 
steam generating among the generated methane is used for the generation of electrical energy as 
a fuel etc. by the surplus gas utilization means 39. When generating electricity, there are 
methods, such as a jump-spark-ignition engine, a 2 basic-fuel (fuel oil and sewage gas) diesel gas 
engine, a gas turbine engine, and a fuel cell generation of electrical energy, as the means, and the 
generated steam can be used for reforming, carbon monoxide conversion, etc. which used the 
steam of the low-temperature pyrolysis of biomass, or methane in a fuel cell generation of 
electrical energy. After biomass is changed into methane by using this equipment and being used 
as heat or electrical and electric equipment, finally it becomes a carbon dioxide and water. 
[0017] In drawing 1 which explains the gestalt of operation of this invention based on a drawing, 
1 is pyrolysis equipment and the pulverized biomass is supplied through the supply way 2. 
Pyrolysis equipment 1 carries out the air supply of oxygen and the steam as a gasifying agent 
through the supply ways 4 and 20, pyrolyzes biomass, and generates the synthesis gas which 
used hydrogen and a carbon monoxide as the principal component. Synthesis gas is supplied to 
recuperator 3 through the supply way 6. Recuperator 3 collects the heat obtained by the pyrolysis 
of biomass. the collected heat ~ a methane fermentation tank - warming a means 19 ~ the self 
of a methane fermentation tank - it is used for warming. The synthesis gas which heat was 
collected and low-temperature-ized is supplied to a gas holder 5 through the supply way 8. 
[0018] the gas by which the gas holder 5 was discharged from synthesis gas and a methane 
fermentation tank - storing ~ gas - it has the function supplied to a compressor 7, a gas engine 
15, and the steam generator 25 through conduits 10, 16, and 18. 

[0019] a compressor 7 - gas - the mixed gas introduced from the gas holder 5 is pressurized 
through a conduit 10, and the methane fermentation tank 9 is supplied. 
[0020] the methane fermentation tank 9 - the seed-fungus supply means 13 and a methane 
fermentation tank— warming - a means 19 attaches and the diffuser 12 is installed by said tank 
9 pars basilaris ossis occipitalis. The seed- fungus supply means 13 has the function which carries 
out optimum dose supply of the methanation fungus body 1 1 obtained by performing enrichment 
culture timely at the methane fermentation tank 9 to the seed fungus extracted from the nature by 
making a methanol, hydrogen, a carbon monoxide, or formic acid into a substrate, a methane 
fermentation tank - warming ~ the means 19 has the function adjusted to the temperature 
suitable for methane fermentation by measuring the temperature of the reaction mixture of the 
methane fermentation tank 9, and supplying the warm water which was able to be warmed with 
the heat collected from recuperator 3. A diffuser 12 has the function to make the mixed gas 
pressurized from the compressor 7 form into detailed air bubbles. 

[0021] Moreover, the overflow opening 22 is installed by the upper part and the excess sludge 
exhaust port 24 is installed by the methane fermentation tank 9 at the pars basilaris ossis 


occipitalis. The excess sludge with which were kept by lengthening [ the waste-water-treatment 
means 21 ] the excessive liquid discharged from the overflow opening 22 from the excess sludge 
exhaust port 24 again is transported to the excess sludge processing means 23, and is processed. 
[0022] If the mixed gas which was supplied from the compressor 7 and which was formed into 
detailed air bubbles contacts the methanation fungus body 1 1 which floats in the methane 
fermentation tank 9, it will be changed into methane. 

[0023] the gas containing the methane discharged from the reaction mixture in the methane 
fermentation tank 9, a carbon dioxide, and an unreacted carbon monoxide ~ gas — it is stored by 
the gas holder 5 through a conduit 14. the gas stored by the gas holder 5 - again - gas - 
actuation in which the methane fermentation tank 9 is supplied is repeatedly performed through a 
conduit 10. 

[0024] gas after a part of gas stored by the gas holder 5 was changed into the gas presentation 
suitable for a gas engine 15 (a jump-spark-ignition type gas engine or dual fuel diesel gas engine) 
- it is supplied through a conduit 16 and used as a fuel for a generation of electrical energy. A 
generation of electrical energy is performed by the generator 17 linking directly to a gas engine 
15. 

[0025] It is made to generate using; the steam generator 25 using the gas stored in the external 
heat source 27 or the gas holder 5 as a heat source, and a steam required for the pyrolysis of 
biomass is supplied to pyrolysis equipment 1. 

[0026] As explained above, by using the equipment concerning this example of an operation 

gestalt, biomass is changed into methane, and the energy is used as heat or electrical and electric 

equipment, and, finally becomes a carbon dioxide and water. 

[0027] Next, the description about this example of an operation gestalt is explained. 

[0028] By the low-temperature pyrolysis which used a steam and oxygen as the gasifying agent, 

the biomass of the grass which pulverized pyrolysis equipment 1, a tree, etc. can prevent 

generating of tar, and can obtain the synthesis gas of the high calorific value which used 

hydrogen and a carbon monoxide as the principal component. 

[0029] the recuperator 3 which collects and uses this heat, and a methane fermentation tank — 
warming — it becomes possible to be able to set it as the temperature conditions suitable for 
methane fermentation, and to perform a methanation efficiently and economically by installation 
of a means 19. 

[0030] Moreover, in the methane fermentation in which a direct methanation bacillus generally 
participates to biomass, hydrolysis of an organic substance serves as a rate-determining step. For 
this reason, it had become the cause by which the effectiveness which carries out energy 
generation worsened from biomass as a result. 

[0031] Then, a pyrolysis means enables the abbreviation of the hydrolysis process of biomass, 
and makes the methanation by the methanation bacillus easy. Although it is necessary to supply 
energy from the exterior by use of a pyrolysis means, since it becomes possible to use the 
generated methane as a heat source of heating of a pyrolysis means, or steam generation, loss of 
energy is filled up. Compared with the methane fermentation which made biomass the substrate 
with this means, a rate of reaction becomes quick, and the conversion efficiency to the energy of 
biomass improves remarkably. 

[0032] The methane generated in the methane fermentation tank 9 has what was generated via 
formic acid from the carbon monoxide, and the thing generated from hydrogen and a carbon 
dioxide. The methanation fungus body added in this tank makes Metanosarcina barkeri 
(DSM804) the dominant. According to the report "the growth character and function of a 


methanation bacillus, use, fermentation engineering, the 64th volume, and pp.181-196 (1986)" of 

Nishio and others, the bacillus concerned Although it is the methanation bacillus which uses 

hydrogen (H2), a carbon dioxide (C02), formic acid (HCOOH), an acetic acid (CH3COOH), and 

a methanol (CH30H) as a substrate It has the specific capacity it is incapable to other 

methanation bacilli of generating methane (CH4) from a carbon monoxide (CO) and hydrogen. 

This methanation process generates methane by using formic acid as an intermediate product. 

The reaction formula concerning this methanation process is as follows. 

[0033] The whole reaction process which generates methane from a CO+H2 0->HCOOH4 

HCOOH->CH4+3C02+2H20 carbon monoxide is expressed with a degree type. 

[0034] Since 4CO+2H2 0->CH4+3C02 one side and the bacillus concerned are also hydrogen 

utilization nature, a methanation like a degree type may also happen. 

[0035] If both C02+4H2->CH4+2H20 therefore the methanation from a carbon monoxide, and 
a hydrogen utilization nature methanation happen, the whole reaction process is expressed with a 
degree type. 

[0036] It is thought that an operation of the gay acetic-acid generation bacillus which coexists 
with a methanation bacillus to 2CO+2H2 ->CH4+C02 others generates an acetic acid from 
formic acid, and methane and a carbon dioxide are further generated from an acetic acid. 
[0037] Therefore, the biomass cracked gas which uses hydrogen and a carbon monoxide as a 
principal component is easily convertible for methane and a carbon dioxide by using the fungus 
body which makes Metanosarcina barkeri (DSM804) a dominant. 

[0038] The seed-fimgus supply means 13 is attached to the methane fermentation tank 9 in this 
example. Since the fungus body which made the dominant Metanosarcina barkeri (DSM804) 
which obtained by performing enrichment culture with the seed-fungus supply means 13 by 
making a methanol, hydrogen, a carbon monoxide, or formic acid into a substrate is supplied to 
the methane fermentation tank 9 timely, engine-performance maintenance of a methanation is 
attained. 

[0039] Since the solubility to water is small, a carbon monoxide needs to promote the dissolution 
in the water of a carbon monoxide, this example — setting — this technical problem — a 
compressor 7, a diffuser 12, and gas ~ it solved by forming a conduit 14. A compressor 7 
pressurizes the mixed gas introduced from the gas holder 5, and supplies it to the methane 
fermentation tank 9 from a diffuser 12. The mixed gas supplied to the methane fermentation tank 
9 is formed into detailed air bubbles by the diffuser 12. moreover, gas — the gas which formed 
the conduit 14 and was discharged from the reaction mixture of the methane fermentation tank 9 
is returned to a gas holder 5, and it could be made to perform circulation supply. 
[0040] A carbon monoxide with low solubility is efficiently dissolved to water by this, and a 
methanation reaction is remarkably promoted. Most hydrogen is changed into methane although 
an unreacted carbon monoxide remains into generation gas still in addition. Moreover, since the 
gas supplied from the compressor serves as a stirring child, there is an advantage it becomes 
unnecessary to newly establish a stirring means. 

[0041] Although most of a carbon monoxide or hydrogen is not contained in the gas generated 
by the usual methane fermentation, the content of a carbon monoxide becomes high in this case. 
However, the octane value is 100, and anti-knock is high, and it does not have a bad influence on 
gas engine driven power generation. 

[0042] Conventionally, the approach of generating methane biologically from biomass pyrolysis 
generation gas needs to supply energy from the exterior, using some methane which needed to 
introduce energy in order to perform carbon monoxide conversion, therefore was generated. 


Moreover, although the carbon-monoxide-conversion means is used when [ like the 
petrochemical industry ] it is large-scale and operates continuously, it is considered not to be 
suitable for it being middle-scale arid operating from the problem of degradation of equipment 
and the catalyst by that control is complicated and long duration operation. 
[0043] Then, it becomes possible to generate direct methane from biomass pyrolysis generation 
gas, without attaching the carbon-monoxide-conversion means using a steam with the approach 
and equipment concerning this example of an operation gestalt. Since anti-knock is high as for 
the presentation of the generated gas, it can be used for a gas generation of electrical energy. 
Thus, the whole system is simplified, and since the complicated control of the approach and 
equipment concerning this invention was less necessary, they are adapted also for operation of a 
minor scale. 
[0044] 

[Effect of the Invention] As stated to the detail above, according to the biomass pyrolysis 
generation gassing approach concerning this invention, and its equipment, from the gas obtained 
by combustion of biomass, a methanation is carried out efficiently and easily and things can be 
carried out. This enables it to change biomass into heat energy and electrical energy, suppressing 
the energy supply from the outside to the minimum. 

[0045] Photosynthesis is fixed in an ecosystem and the carbon dioxide discharged by combustion 
of biomass is again supplied as biomass. Therefore, it becomes possible to prevent the increment 
in the carbon dioxide levels in the part which reduced consumption of a fossil fuel, and 
atmospheric air. 

[0046] The practicality of biomass energy use will be further raised by this invention. 


[Translation done.] 
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